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Purpose: The purpose of this study was to develop a cost-effective canine graft healing 
model that gives information on various implant sites and controls for variable factors 
between graft locations and between animals and to compare the influence of implant site 
(retropleural, retroperitoueal, nd subcutaneous areas) on arterial graft healing in the 
same subject under such controlled study conditions. 
Methods: Five mongrel dogs were studied for 8 weeks, and one was studied for 3 years. 
Each received three porous Dacron grafts during the same surgery: a carotid-femoral 
bypass (C-FB) and interposition grafts in the descending thoracic aorta and abdominal 
aorta. To produce comparable shear stress calibers of the C-BB and abdominal aorta 
grafts were 2 mm less than those of the descending thoracic aorta, and a distal arterio- 
venous fistula was created to further increase the C-FB flow. For comparable blood 
aggregation status platelet aggregation was preevaluated and adjusted with antiplatelet 
agents. Graft flow surfaces were assessed for thrombus-free surface and endothelial-like 
cell coverage scores. Tissue samples were studied with hematoxylin-eosin, factor V I I I /  
yon Willebrand factor, smooth muscle ~-actin staining, and scanning electron micros- 
copy and transmission electron microscopy. 
Results: All grafts were patent. Shear stress for the three grafts and platelet aggregation 
among the study subjects were comparable. Healing of descending thoracic aorta and 
abdomina orta grafts was similar, but C-FB healing was slow, incomplete, and uneven, 
with a high incidence of seroma. Eight-week and 3-year esults were comparable. 
Conclusions: This model gives broad healing information about he areas where grafts are 
often implanted in humans. Eight weeks appears to be a sufficient period to reflect basic 
and general healing characteristics. Grafts heal better in the retropleural nd retroperito- 
neal areas than in the subcutaneous ti sues. (J Vase Surg 1997;25:528-36.) 
Our previous studies have shown that the com- 
pleteness of healing of porous arterial prostheses i
influenced by intraluminal and extraluminal factors. 
Two intraluminal factors are the number and aggre- 
gability of the platelets in the blood >3 and the mag- 
nitude of the shear stress on the flow surface. 4-s Two 
extraluminal factors are the nature of the perigraft 
From The Hope Heart Institute, the Providence Seattle Medical 
Center and the Department of Surgery, University of Washing- 
ton School of Medicine. 
Reprint requests: Lester R. Sauvage, MD, Medical Director, The 
Hope Heart Institute, 528 18th Ave., Seattle, WA 98122. 
Copyright © 1997 by The Society for Vascular Surgery and Inter- 
national Society for Cardiovascular Surgery, North American 
Chapter. 
0741-5214/97/$5.00 + 0 24/1/76661 
528 
tissues and the ability of the perigraft issue response 
generated by the prosthesis to adhere to and grow 
into the wall. 6-9 We have also shown that an external 
velour surface increases perigraft issue adherence to 
the outer wall of  the prosthesis. 9-11 
Because most vascular prostheses are placed in 
the retropleural, retroperitoneal, or subcutaneous 
tissues, this study compares the influence of these 
implant sites on the healing of  preclotted knitted 
Dacron grafts. To control for variables between ani- 
mals and within the same animal, we developed a
new model to permit simultaneous evaluation of the 
healing of the same graft type implanted in the de- 
scending thoracic aorta (DTA), abdominal aorta, 
(AA), and as a carotid-femoral bypass (C-FB) in the 
same dog during the same surgery. Regulation of the 
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shear stress on the flow surfaces in these three sites to 
comparable vels was accomplished by the choice of 
graft caliber for each location and in the C-FB by 
creation of an arteriovenous (AV) fistula distal to its 
lower anastomosis. 
MATERIAL AND METHODS 
Five healthy male mongrel dogs with an average 
weight of 27 + 2 kg were studied for 8 weeks, and 
one additional dog was monitored for 3 years. All 
animals were cared for in compliance with the "Prin- 
ciples of Laboratory Animal Care" and Guide for the 
Care and Use of Laboratory Animals (National Insti- 
tutes of Health Publication No. 80-23, revised 
1985). 
E IGHT-WEEK TR IPLE  IMPLANT STUDY 
Platelet aggregability evaluation. Each sub- 
ject's preoperative platelet aggregability was evalu- 
ated and assigned a platelet aggregation score based 
on the aggregation pattern and platelet count .  2-s To 
ensure patency and comparable platelet aggregation 
among the subjects in the study, only those with 
platelet aggregation (PA) scores <30 after treatment 
with aspirin (ASA) were used. MI dogs were given 
two tablets (162 mg) of pediatric ASA daily. 
Graft  type and preparation. Externally sup- 
ported Dacron grafts (EXS, Bard Vascular Systems 
Division, C.R. Bard, Billerica, Mass.) were used. Cal- 
ibers were 6 mm for the C-FB and AA implants and 8 
mm for the DTA; the variation was necessary to 
match the host's vessels and to help obtain proper 
flow shear stress. The grafts were preclotted 12at the 
same time at the beginning of surgery and were kept 
in a moist sponge until implantation. 
Surgical techniques. After routine premedica- 
tion and induction of anesthesia, general anesthesia 
was maintained with 0.5% to 1.0% halothane and a 
2:1 mixture of nitrous oxide and oxygen with a 
closed-circuit respirator. The triple implantation 
(Fig. 1) was then achieved in the following sequence. 
The C-FB was implanted on the left with a distal 
femoral AV fistula to increase the flow rate so that 
flow shear stress would be comparable to the DTA 
and AA grafts. The dog was placed in the right lateral 
position with the left rear leg slightly stretched and 
everted. After mobilization of  the proximal carotid 
and femoral arteries and the accompanying femoral 
vein was performed, a subcutaneous channel was 
made between the two exposed arteries with a flexi- 
ble plastic tunneler, a 6 mm× 80 cm prepared graft 
was introduced, and end-to-side anastomoses were 
made to both arteries. A 15-mm long AV fistula was 
Fig. 1. Triple-implant model. 
created istal to the graft-femoral nastomosis. One 
mg/kg  of heparin was given intravenously a few 
minutes before blood was allowed into the bypass to 
remove air from the graft (with temporary control of 
the femoral artery proximal to its anastomosis), and 
an equal dose ofprotamine was given soon after flow 
had been established. The flow rate was measured 
with a Transonic flow meter (Model T-208, Tran- 
sonic System Inc.; Ithaca, N.Y.) after blood flow 
stabilization. When the surgical areas were com- 
pletely dry, the neck wound was closed. The very 
proximal common femoral artery remained con- 
trolled, and the femoral wound was not closed until 
the DTA implant was completed. 
For the DTA implantation the dog was kept in 
the same position except for slight loosening of the 
stretched left leg. A left thoracotomy was performed 
via the seventh intercostal space. An 8 cm segment of  
the upper middle DTA was mobilized. An 8 mm X 6 
cm graft was interpositioned with end-to-end anasto- 
moses after a 5-cm long DTA segment was excised. 
During the thoracic implant he control of the fem- 
oral artery proximal to the C-FB was released to 
establish retrograde perfusion of the distal aorta. 
When antegrade aortic flow was reestablished, the 
femoral artery proximal to the C-FB anastomosis was 
ligated, allowing antegrade C-FB flow to the distal 
femoral and through the fistula. The flow through 
the DTA graft was measured before the pleura was 
reapproximated over the graft and the chest and 
femoral wounds were closed. 
For AA implantation the dog was repositioned to 
a supine position, and the abdomen was opened in 
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the midline. An 8-cm long inftarenal AA segment 
was mobilized with extreme care to avoid injury to 
the periaortic lymphatics. After a 5-cm long AA seg- 
ment was excised, a 6 mm × 6 cm graft was interpo- 
sitioned. When the graft and surgical areas were 
completely dry, graft flow was measured and the 
dissected peritoneum was reapproximated over the 
graft. The abdominal incision was closed in layers. 
Routine antibiotics were given on the day of 
surgery and for the next 10 days. The patency of the 
C-FB was followed by daily Doppler examination for 
the first 3 weeks and then twice weekly throughout 
the implant period. 
To compare the graft shear stress values at the 
three sites, the wall shear stress (T dynes/era 2) of 
each graft was calculated from the graft flow rate 
measured at the completion of surgical implantation 
according to the Hagen-Poiseulle formulala,14: T = 
4~Q/~rr a.Values were averaged for each site group, 
and the ratios to the DTA groups were calculated. 
Specimen retrieval and analysis. Subjects were 
anesthetized in the same manner used for graft implan- 
tation, given 10,000 milts ofheparin intravenously, and 
then exsanguinated rapidly via a right femoral cannula. 
Each graft was examined in the order implanted for the 
type and degree of perigraft tissue reaction and attach- 
ment and for any hematoma or seroma round the graft 
and was then removed. 
The specimen was flushed with Dulbecco's phos- 
phate-buffered saline solution, opened, and photo- 
graphed. The flow surface appearance underwent 
gross evaluation and stereomicroscope magnification 
and was mapped on grid paper to allow calculation of 
the percentage of the surface that was free ofthrom- 
bus. Serial sets of longitudinal (sagittal) tissue sam- 
ples were then tal~en from the fresh specimens. For 
DTA and AA specimens a set of tissue samples was 
taken from the central portion of the graft and across 
each anastomosis. Each C-FB specimen was divided 
into five zones of equal length from the proximal to 
distal ends, and a set of tissue samples was taken from 
the most representative areas of each zone and across 
each anastomosis. Additional sets were taken from 
other areas of special interest. Each set of tissue 
samples consisted of four adjacent tissue blocks (each 
1 × 0.4 cm), for which proper fixation methods were 
used for the following studies. One block was em- 
bedded in resin and later sectioned and stained with 
hematoxylin-eosin for general light microscopy 
study. One block was embedded in paraffin, sec- 
tioned, and stained both for factor V I I I /yon Wille- 
brand factor (DAKO, Code No. M-616; Carpinteria, 
Calif.) to identify endothelial cells and for smooth 
muscle cell cl-actin (DM(O, Code No. M-851, 
Carpinteria, Calif.) to identify smooth muscle cells. 
The remaining two blocks were routinely taken for 
scanning electron microscopy and transmission elec- 
tron microscopy study, but these costly studies were 
selectively performed later only on some blocks adja- 
cent to areas where endothelial cells had been identi- 
fied with hematoxylin-eosin a d factor V I I I /yon 
Willebrand factor staining. Because perfusion fixa- 
tion was not performed, the flow surface of the rest 
of the specimen could then be stained with 0.3% 
silver nitrate and studied under the stereomicroscope 
for the presence and extent of endotheliaMike cell 
(ELC) outlines and to quantify the percentage of 
ELC coverage on the surface. The techniques have 
been previously described. 1<16 
Quantitative data were expressed by mean + SD. 
For comparing the data from the three implant sites, 
statistical comparisons were performed with an anal- 
ysis of variance. When a significant difference was 
detected, an unpaired Student t test was used. For 
two-element comparison a paired Student test was 
used. Statistical significance was considered to be less 
than 0.05. 
LONG-TERM (3-YEAR) TR IPLE  IMPLANT 
STUDY 
In addition to the 8-week study series the data from 
a male dog with the same triple implantation studied 
for 3 years and 2 weeks were analyzed. All the study 
conditions and methods were the same, except hat 
there was no distal femoral AV fistula for the C-FB, and 
the AA graft caliber was 8 mm. Masson Trichrome 
staining was added for histologic slide study. 
RESULTS 
8-week specimens 
General postoperative observations. All dogs 
recovered promptly within 1 to 2 days. All wounds 
healed except one femoral wound that had to be 
repaired bccanse ofscroma formation. All grafts were 
patent. 
Platelet aggregability and rheology measure- 
ments. The average baseline platelet aggregation 
score was 29.5 + 10.8, and after ASA it was 18.0 + 
4.0. The rheology data are given in Table I. Averag e
graft shear stresses were comparable, and there was 
no statistically significant difference between the 
three locations (p > 0.05). 
Heal ing evaluation (Figs. 2 and 3). 
Gross observations and flow surface studies: C-FB 
grafts. In three of the five cases small to medium 
seromas appeared at the neck areas, groin areas, or 
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Table I. Average rheology measurements, 
8-week series (n = 5) 
Calculated Shear stress 
Flow rate shear stress* ratio to 
(ml/min) (dynes/cm 2) DTA 
C-FB 564 + 205 15.5 + 5.7 1.06 
DTA 1,258 + 384 I4.6 + 4.5 (1.00) 
AA 305 + 105 8.4 + 2.9 0.58 
C-FB, Carotid-femoral bypass; DTA, descending thoracic aorta; 
AA, abdominal arota. 
*There was no statistically significant difference in calculated shear 
stress between sites (p > 0.05). 
both between 3 to 5 postoperative days and on gross 
evaluation disappeared in 10 to 14 days after repeti- 
tive needle aspirations of  clear, light pink fluid, which 
had negative culture results. In all grafts the central 
45 to 50 cm in the subcutaneous area were firmly 
encapsulated by tissue containing many microvessels. 
The two grafts without seroma had a uniformly tight 
perigraft capsule along the entire graft, and the three 
grafts with seroma formation had loose attachment 
at the proximal and distal ends with some fluid be- 
tween the capsule and the graft. All anastomoses 
were covered with 3 to 15 mm of pannus without 
intimal hyperplasia. Silver nitrate staining showed 
scattered small- to medium-sized ELC islands (Fig. 
3, column A) within the thrombus-free areas in the 
middle of the graft. The remaining surface was cov- 
ered with either fibrinous material or patches of  
thrombus (Figs. 2 and 3, column B). No microostia 
were on the flow surfaces. The thrombus-free score 
and ELC coverage scores are shown in Table II. 
DTA and AA grafts. All aortic grafts were tightly 
incorporated with the perigraft tissue. There was no 
hematoma or seroma. The flow surfaces were free of  
thrombus. One DTA graft had two flow surface 
microostia in the middle section, and another had 
four. Four, 6, and 16 microostia were found on the 
middle flow surfaces of  three AA grafts. 
Microscopic study: C-FB grafts. The perianasto- 
motic areas of  all grafts were completely healed. The 
surface was covered with a monolayer of  endothelial 
cells and several layers of  smooth muscle cells under- 
neath. Average neointimal thicknesses are given in 
Table III; there was no significant difference between 
proximal and distal measurements. 
The following microscopic observations, which 
do not include the anastomotic area, were based on 
tissue samples taken from 25 zones of the five speci- 
mens. In 13 zones (most in the middle of  the graft) 
there was fight perigraft issue incorporation with 
full wall transmural tissue presence and some mi- 
Fig. 2. Gross specimens from representative 8-week ex- 
periment. A, C-FB. B, DTA graft. C, AA graft. 
crovessels in the interstices. In the remaining 12 
zones, most but not all taken from neck and groin 
regions with gross seroma, there was either loose 
perigraft tissue attachment or no attachment, with a 
sparse degree of tissue presence in the graft wall. In 
eight zones, mainly among the 13 zones that had  
tight perigraft tissue attachment externally and a 
thrombus-free surface internally, alayer ofneointima 
approximately 100 I~m thick had formed on the flow 
surface (Table III), with cells positive to endothelial 
factor VI I I /von Willebrand factor and smooth mus- 
cle o>actin staining (Fig. 3, colunm A). Those zones 
represented the best healing areas for C-FB grafts. In 
the remaining 17 zones the flow surface was covered 
with thin pseudointima with varying degrees of  orga- 
nization in which smooth muscle cells were verified 
in 9 of those 17 zones (Table III, Fig. 3, column B). 
Overall, the average surface fining thickness of  the 25 
zones including neointima and pseudointima was 
73 + 81 I~m. 
DTA and AA grafts. The microscopic findings 
for the aortic grafts were much more uniform with a 
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Fig. 3. Histologic omparisons of healing on flow surfaces of C-FB and DTA and AA grafts 
retrieved from same animal t8 weeks. Column A (A1-A6): Histology of healed islands from 
flow surface of C-FB. A1, × 52; A2, × 12; A3, × 12; A4, × 12; A5, × 310; A6, × 1580. Column 
B (B1-B6): Histology of unhealed areas of C-FB flow surface. B1, ×52; B2, ×12; B3, ×12; B4, 
× 12; B5, ×310; B6, ×2850. Column C (C1-C6): Histology of healed DTA graft flow surface. C1, 
X52; C2, ×12; C3, ×12; C4, ×12; C5, ×310; C6, ×2850. Column D (D1-D6): Histology of 
healed AA graft flow surface. D1, ×52; D2, × 12; D3, × 12; D4, × 12; D5, ×310; D6, ×2850. 
benign healing pattern in all grafts comparable to the 
best healing found in 8 of  the 25 zones of  the C-FB 
grafts. A thin external fibrous capsule containing 
many microvessels was tightly interlocked with the 
grafts. Complete transmural tissue with some mi- 
crovessels and many fusiform cells was present in the 
wall. More microvessels and inflammatory cells were 
in the perigraft issues and graft walls of  the AA 
grafts. Most of  the fiasiform cells were negative to 
et-actin staining except for those closely associated 
with the microvessels. A thin layer ofneointima con- 
sisting of  endothelial cells and smooth muscle cells 
had formed on the graft flow surfaces; it was slightly 
thicker at the midportion than at the anastomofic 
areas (Table III and Fig. 3, column C). 
LONG-TERM (3-YEAR) STUDY 
The PA score of the 3-year study subject was 5.7 
after ASA. The flow rates were 200 ml/min for the 
C-FB graft, 2000 for the DTA, and 400 for the AA. 
The calculated shear stress values were 5.50 dynes/  
cm 2 for the C-FB graft, 23.21 for the DTA, and 4.64 
for the AA. All three grafts were patent hroughout 
the study period. 
C-FB graft. There was no seroma or hematoma. 
This 81-cm long specimen was tightly encapsulated 
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Table I I .  Thrombus-free surface scores and endothelial-like cell coverage scores, 8-week series 
TFS(%)* ELCC(%)t 
Case C-FB DTA AA C-FB DTA AA 
V-173 91.3 100 100 33.7 97.1 100 
V-184 81.4 100 100 3.9 78.0 75.7 
V-187 92.0 100 100 16.9 100 100 
V-191 95.8 100 100 60.0 100 95.0 
V-221 98.8 100 100 5.5 100 100 
x ± SD 91.9 ± 6.6 100 ± 0 100 ± 0 24.0 ± 23.4 95.0 ± 9,6 94.1 ± 10.5 
TFS, Thrombus-ffee surface; ELCC, endothelial-like c ll coverage scores; C-FB, Carotid-femoral bypass; DTA, descending thoracic aorta; 
AA, abdominal aorta. 
*The difference among the three sites was statistically significant (p < 0.0072). 
C-FB versus DTA, p < 0.0245; C-FB versus DTA, p < 0.0245; DTA versus AA, not significant. 
"]'The difference among the three sites was statistically significant (p < 0.0001). 
C-FB versus DTA, p < 0.0002; C-FB versus AA, p < 0.0003; DTA versus AA, not significant. 
Table I I I .  Average thickness of graft flow 
surface lining (~m) 
Area C-FB DTA AA 
Proximal anastomosis 
neointima (n = 5) 46 -+ 24 42 + 19 49 + 16 
Middle graft area 
neointima (n = 5) * 80 + 41 63 _+ 15 
Distal anastomosis 
neointima (n = 5) 62 +_ 43 33 + 16 34 _+ 18 
C-FB, Carotid-femoral bypass; DTA, descending thoracic aorta; 
AA, abdominal aorta. 
There was no statistically significant difference for each area among 
the sites. 
*Neointima (n = 8), 106 ± 80; pseudointima (n = 17), 58 -+ 79. 
in a thin connective tissue capsule. No gross anasto- 
motic intimal hyperplasia was present, and the anas- 
tomotic suture lines still could be seen through the 
pannus tissue. The flow surface was almost totally 
free of thrombus with a thrombus-free of 98% (Fig. 
4). It was lined with an uneven, moderately thick 
layer of fibrinous material or white opaque tissue. 
However, this surface lining was uneven. At the mid- 
die of the graft there were three white ringlike tissue 
growths causing a slight luminal stenosis. Silver ni- 
trate staining showed that there were divisive but 
not contiguous patches of  ELCs with 49% coverage. 
On microscopic evaluation the anastomotic area 
was completely healed and covered with neointima 
approximately 220 ~tm thick at the proximal end and 
350 ~m at the distal end. In all zones the perigraft 
tissue was uniformly and tightly attached to the graft. 
Neointima was found in three of the five zones with 
thickness varying from 210 to 1200 ~m. In the 
remaining two zones surface pseudointima in the 
form of compact fibrin with or without partial orga- 
rfization was found, and the pseudointimal thickness 
ranged from 350 to 1100 p~m. Two sites of minor to 
Fig. 4. Gross specimens from 3-year experiment. A, 
C-FB. B, DTA graft. C, AA graft. 
moderate calcification were observed on microscopic 
but not gross evaluation in a neointimal and a 
pseudointimal rea. The degree of  transmural tissue 
presence in the wall varied, and there was no close 
correlation to the nature of the surface. Some forma- 
tion ofmicrovessels was observed in the basal part of 
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Fig. 5. Histology of C-FB graft from 3-year triple implant experiment. A, H&E staining 
showing thickened neointima (×8); enlargement shows microvessel d velopment in basal area 
(X31). B, Masson trichrome staining showing thickened neointima containing prominent 
collagen componem (x8); enlargement shows microvessel d velopment i  basal area (X 31). 
the thicker neointimal and pseudointimal reas (Fig. 
5, A). Compared with the 8-week C-FB specimens 
there appeared to be fewer cells in the graft inter- 
stices and fewer smooth muscle cells in the intima. 
Most of the extracellular matrix was collagen as dem- 
onstrated by Masson Trichrome staining (Fig. 5, B). 
DTA and AA grafts (Fig. 4). Both the gross 
and microscopic findings of the aortic grafts were 
similar and comparable to the 8-week DTA and AA 
grafts. They were wrapped in thin fibrous capsules 
with firm attachment. There was no thrombus on the 
flow surfaces, which were covered with uniform thin 
and glistening tissue and complete ELC coverage. 
No microvascular ostia were on the flow surfaces. 
Full-wall transmural tissue was present. The neoin- 
tima was moderately thicker on the AA graft than on 
the DTA (100 ~tm vs 70 ~tm at the proximal, 180 
~m vs 90 ~m at the center, and 175 ~tm vs 70 ~m at 
the distal) and contained more collagen than the 
companion DTA graft. A minor microscopic alcifi- 
cation was observed in the DTA graft intima near the 
proximal anastomosis. There was a very slight reduc- 
tion of cellular components in the 3-year grafts' wall 
and intima compared with those of the 8-week grafts. 
DISCUSSION 
This experimental model provided comparable 
study conditions including flow shear stress in all 
three implant sites. Therefore the study results 
should closely reflect he impact of different implant 
sites or anatomic environments on graft healing. 
All DTA grafts in this study had the uniform, 
rapid, and complete healing that has been consis- 
tently demonstrated in our previous studies, ls,16 in- 
dicating that the inherent nature of pleural tissue 
heals grafts well and that multiple implants do not 
affect DTA graft performance and healing. 
We have previously reported slower healing in 8 
mm AA grafts, in which there was a high incidence of 
loose perigraft issue attachment, often associated 
with regional seroma or hematorna. 7 However, in 
this study healing results of the AA were similar to 
those of the DTA, indicating that the retroperitoneal 
tissue's ability to accommodate graft material may be 
comparable to that of the retropleural tissue, if there 
is no seroma or hematoma formation. The improved 
results in this study may be attributable to our devel- 
opment of improved surgical dissection techniques 
in the lymphatic-rich retroperitoneal area, which en- 
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sured fight perigraft issue attachment. Another in- 
fluence may have been the 2 mm smaller graft diam- 
eter in this study, which increased flow velocity above 
what it had been in the former study with a subse- 
quent reduction of surface thrombus formation and 
facilitation of  endothelialization. 
The healing of  C-FB grafts was slow, incomplete, 
and uneven (Tables I I  and II I).  Many areas had no 
surface endothelialization despite firm perigraft is- 
sue attachment and an inner surface that was free of  
thrombus. This result may relate to the inherent 
nature of  subcutaneous tissue. The incidence of  se- 
roma formation (three of  five) was high in the C-FB 
grafts and was mainly located at the neck and groin 
areas. The same phenomenon was reported in our 
previous study. 5,6,17 The mechanism of seroma for- 
marion is complex and not yet fully understood. 18-20 
Perhaps the fluid derived from local tissue reaction to 
the graft or from exudate from the graft lumen 
through the fibrinous interstices of  the porous graft 
could not be absorbed well by the subcutaneous 
tissue, leading to drainage and accumulation at the 
neck and groin areas, which are lower than the rest of  
the C-FB graft. The motion of  frequently turning the 
neck and hind limbs may interfere with perigraft 
tissue adherence, resulting in poor fnll-wall healing. 
Ncointimal thiclcnesses were comparable for the 
three sites (Table I I I).  Perhaps this result is due to 
the regulation provided by shear stress, 13,14,21 which 
was comparable among the sites (Table I). 
All graft anastomoses were completely healed by 
8 weeks without hyperplasia, nd there was no statis- 
rical significance between the proximal and distal 
anastomoses of may of  the study grafts (Table II I). 
In the long-term study all three grafts were func- 
tioning well after 3 years. Although there was no 
femoral AV fistula for the C-FB graft, this may have 
been compensated for by the lower platelet aggrega- 
bility of the subject. On microscopic evaluation there 
was no remarkable change or difference between the 
3-year and 8-week DTA and AA specimens, and 
there was no continuous intimal hyperplasia, indicat- 
ing that once a porous Dacron graft has completely 
healed, it will stabilize and last for a considerable 
time period. The thicker neointima on the 3-year AA 
graft surface may relate to the lower shear stress 
(4.64 dynes/cm 2) for the 8 mm graft versus an 8.4 
dynes/cm 2 shear in the 6 mm 8-week grafts. The 
3-year C-FB graft still was not completely healed, 
suggesting rafts in this site may never achieve com- 
plete healing and indicating that the subcutaneous 
area may be a very sensitive area for testing grafts. 
These observations demonstrated that graft heal- 
ing in the retropleural and retroperitoneal reas was 
complete, fast, and tmiform if there were no regional 
complications, whereas in the subcutaneous area 
healing was incomplete, slow, and uneven. A very 
comparable influence of  implant site on graft healing 
was also observed between the 8-week and 3-year 
specimens. 
Because this triple-implant model provides broad 
coverage of  graft heating information, representing 
the major areas where arterial grafts are implanted in 
humans, it offers a rapid cost-effective means for 
testing new graft types. This observation again sup- 
ports our previous uggestion that'valid comparison 
of  interspecies graft healing requires data obtained 
from similar implant locations. 6,9 In addition, the 
comparable observations between the 8-week series 
and the 3-year study case may suggest that 8 weeks is 
a reasonably sufficient ime period for obtaining nec- 
essary general graft healing information from this 
model, unless other specific objectives require longer 
implantation. 
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